There are many initiatives to train people in using Information and Communication Technology but several international studies have shown that despite adequate computing experience, many users do not make efficient use of computer applications. This may be caused by a lack of strategic knowledge that is difficult to acquire just by knowing how to use commands. Research by Bhavnani and others indicates that the efficient use of computers requires task decomposition strategies that exploit the capabilities offered by computer applications, and they maintain that these general strategies can in fact be built into an instructional framework. The researcher replicated Bhavnani's work with technologically disadvantaged South African tertiary students in order to ascertain whether the instructional framework was effective for students with very different backgrounds, and also to ascertain whether it was sufficiently robust to be successfully implemented at a distance from the original designers. Transfer of strategic knowledge across computer applications was also investigated. An experimental research design was followed with experimental and control groups of Engineering students. The results showed that several of the students could be taught to recognize and exploit strategic knowledge. It is also apparent that the command instruction given to the control group was not sufficient for them to acquire such strategic knowledge. The results also indicated some transfer of strategic knowledge across the applications.
Introduction
The human-computer interaction (HCI) research community has focused on the design of computer interfaces that reduce the time taken by end users to learn computer applications. This approach is intended to enable users to perform tasks quickly and it assumes that thereafter they would improve their computer skills by exploration and experience. However, several studies on the use of computer applications (Bhavnani & John, 1997; Thomas, 1998 Thomas, , 2000 have shown that, even after a considerable period of experience and exploration, many users do not progress to use computer applications efficiently. Students studying computer literacy at the institution reported on in this paper also seemed to show very little progress in the efficient use of MSOffice applications. These students generally come from disadvantaged backgrounds and very few had any computer exposure prior to their freshman year. They were especially in need of positive learning experiences that would help them understand how to use computer tools efficiently and thus enMaterial published as part of this publication, either on-line or in print, is copyrighted by the Informing Science Institute. Permission to make digital or paper copy of part or all of these works for personal or classroom use is granted without fee provided that the copies are not made or distributed for profit or commercial advantage AND that copies 1) bear this notice in full and 2) give the full citation on the first page. It is permissible to abstract these works so long as credit is given. To copy in all other cases or to republish or to post on a server or to redistribute to lists requires specific permission and payment of a fee. Contact Publisher@InformingScience.org to request redistribution permission.
able them to advance swiftly from novice to competent users. A possible intervention was suggested by the results of rresearch undertaken from 1997 to 2001 by Bhavnani and his colleagues that indicated that the efficient use of computer applications requires strategic knowledge in addition to command knowledge.
This paper begins with a description of Bhavnani's instructional approach to teaching the strategic use of complex computer systems; continues by hypothesizing as to whether such an approach could be used to fast-track students with low-level entry computer skills into effective computer users and then goes on to describe an experimental design to test the hypothesis and its results. Bhavnani, Reif and John (2001) identified a set of strategies that can be used across computer applications such as word processors, spreadsheets, CAD systems and Web page design. They maintained that such strategic knowledge is difficult to acquire spontaneously even though the interface that users are interacting with is good. However, they claimed that users can be explicitly taught to use these strategies. They identified efficient and general strategies for using computer applications and the components of the strategic knowledge required for using them. These strategies are shown in Table 1 below.
Strategies for Exploiting the Power of Computers
Bhavnani et al. have also developed a framework for teaching such strategic knowledge and have used it successfully in controlled studies with freshman students initially at Carnegie Mellon University and subsequently at the University of Michigan and the University of Western Australia (Thomas, 2000) . The results of these experiments indicate that such an instructional framework enables students to learn strategies for using computer applications efficiently and has the potential for enabling the transfer of this strategic knowledge across different applications. Iteration strategies exploit the iterative power of the computer by allowing the user to collect together objects that need to be modified and to delegate the task to the computer. For example, if many files require the same address to be changed it is more efficient to select and copy the changed address to the files rather than type it out in each one. When making many copies of this changed address, it is important that the original is checked for accuracy before copying it to all the files. If only one of the files requires that the city of the address be in upper case, it is more efficient and less error-prone to copy the address as-is to that file and only then to modify the case of the city.
"Propagation strategies exploit the power of computers to modify objects that are connected through explicit dependencies. These strategies allow users to propagate changes to large numbers of interconnected objects" (Bhavnani, 2001, p. 230 ). An example of Strategy 4 (Make dependencies known to the computer) would be to link formulae to dependent data in a budget spreadsheet so that if any of the formulae, say the formula for calculating contribution to an investment fund, needs to be changed the modification can propagate throughout the dependent data.
Organization strategies leverage the power of the computer to organize data into an explicit form that is represented internally in a computer and that can be easily manipulated. For example a table will maintain its form whilst its contents are changed whereas if the data had been put into a table using tabs, this might not be the case.
Visualization strategies use the computer's ability to display selected data in a convenient way and reduce navigation time. For example, if a spreadsheet user needs to compare data at the beginning of a lengthy sheet with that towards the bottom then using split screens to view the data simultaneously is more efficient than continuous scrolling up and down.
Each of the strategies in Table 1 requires three knowledge components: command knowledge, application-specific strategic knowledge and application-general strategic knowledge. Bhavnani incorporated these three components into the instructional framework that relies heavily on teaching the knowledge components in an order that enables "the tight coupling of commands and strategies" in clearly described steps (Bhavnani, Reif & John, 2001, p. 232) . Detailed specifications of this method are embodied in "teaching scripts" that are then used by the instructors during the classroom instruction. The instructors are rigorously trained in the use of the teaching scripts prior to their giving the instruction. (Details of these scripts can be found on http://www.si.umich.edu/StrategyCourse). All the strategies are based on the classic GOMS model of If then…do rule. (GOMS is an acronym that stands for Goals, Operators, Methods and Selection Rules.) GOMS, that has its foundation in cognitive psychology, has provided a useful framework for analysing human computer interactions.
In Table 2 a matrix from the above web site shows an example: 
METHOD
Move mouse to scroll bar, click and drag Use an appropriate method to accommodate this -for example "split windows" in Word
Hypotheses
1. The researcher hypothesised that the instructional framework described above could be successfully used to teach students from technologically disadvantaged backgrounds to acquire strategic knowledge as well as command knowledge of complex computer applications.
2. Furthermore, this training approach could aid such students to transfer strategic knowledge across different computer applications.
Research Design
The study was designed to answer the following research questions:
1. Does the instructional approach enable the acquisition of strategic knowledge without detriment to the acquisition of command knowledge?
2. How robust is the instructional method when implemented at a distance from the original designers with students with very different backgrounds?
3. Is there transfer of strategic knowledge across computer applications?
The experiment was conducted in the context of an existing semester end-user computing course for first year Engineering students. The students were taught basic computer knowledge and Windows followed by MSWord and MSExcel. The students were not taught "styles" nor "zooming in or out" as these sections were not part of the regular EUC course. Bhavnani's instructional method was introduced in the latter two sections of the course. The Civil Engineering class of 40 students were taught using the instructional framework encompassing the components of strategic knowledge described in Table 1 with the exception of Strategies 5 and 8, whilst a control group of 38 Electrical Engineering students were taught from scripts identical in content except for the omission of the strategic content. Strategy 9 (View part of spread-out information to fit simultaneously on the screen) was not taught in MSExcel in order to test whether the students in the experimental group were able to transfer that strategy from the MSWord instruction. The same lecturer taught both control and experimental groups as a means of controlling differences in teaching style and ability.
The Instructional Framework and its Implementation
The teaching scripts used by the instructor introduced the application's commands before the strategies. The students were moved from simple tasks to more complex tasks that justified the introduction of a strategy to make the complex tasks simpler. Simple tasks are those that are designed to reinforce the student's understanding of the application's commands. Complex tasks typically would be those that involve many repetitions or are made up of many sub-tasks. An important component of the teaching scripts is the tying of the declarative knowledge of the commands to rigorous practice whereas, on the other hand, the complex tasks with their accompanying emphasis on efficient strategies demonstrate a general rule through the use of concrete examples. In order to facilitate the teaching of the general strategies, the instructor handed out a "strategy sheet" to the students. This sheet is built up application by application. An example of such a handout is shown in Table 3 below. The instructor used this strategy handout to relate the general form of the strategy to the example she was teaching. She also emphasised the transfer of the strategies across the two applications. Strategies 5 and 8 were not taught to the experimental group and Strategy 9 was not taught in MSExcel.
In order to ensure that the lecturer understood the instructional framework, the researcher drew up a companion document to the teaching scripts that explained the underlying principles and their benefits in a simple and concise manner, and that pointed out specific examples of the principles in the teaching scripts. The document was designed for inexperienced computer literacy lecturers with little or no educational training. Guided by Lanham (1990) and Langhan (1993) , the researcher also examined the teaching scripts for language, cultural and gender bias and ensured that they were appropriate for South African users who are not English mother tongue speakers. The researcher then gave the EUC lecturer 4 days training on how to teach the strategies from the teaching scripts. (The researcher had visited Suresh Bhavnani at the University of Michigan and had received training from him in employing his instructional framework. He and his team were interested to establish whether their instructional framework was still effective when implemented at a distance from the original designers with students with very different backgrounds.) At the end of the course, volunteers from both groups were offered a small monetary incentive to undertake a post-test specifically designed to provide opportunities for them to use 6 of the strategies shown in Table 1 . (Time allocated to the post-test did not allow for Strategy 2.) There were 20 student volunteers from the experimental group and 18 from the control group. The students were also asked to describe how they had gone about the tasks. The actions of the students during the MSWord section of the tests were observed and recorded by lecturing staff whilst the students' key presses during the MSExcel section were captured by macro recording. The students' scores on the EUC course's regular continuous assessment tasks, that test command knowledge, were analysed to ascertain whether the added strategy content had had any detrimental effect on the experimental group's acquisition of command knowledge.
Results and Discussion
In Table 4 , the results of the post-test of both the control and experimental groups are set out. The first column sets out the strategy that the students could have employed. The numbers in the second and third columns reflect the percentages of students who used the strategy. 
Acquisition and Appropriate Use of Strategic Knowledge
As is apparent from Table 4 , the experimental group did significantly better than the control group in exploiting five strategy opportunities (p<0.05 for each based on chi-squared tests). These results indicate that several of the students could be taught to recognize and exploit strategic knowledge. It is also apparent that the command instruction given to the control group was not sufficient for them to acquire such strategic knowledge.
Transfer of Strategic Knowledge across Applications
The results showed that some of the students in the experimental group did learn the general form of one strategy. As discussed above, the strategy View parts of spread-out information to fit simultaneously on the screen was deliberately not taught to the experimental students in MSExcel in order to test whether they were able to transfer this strategy from MSWord. Table 4 shows that 39% of the experimental students did recognize the opportunity to use "split windows" in MSExcel (Strategy 9). This does suggest that there was some acquisition of the general strategy by these students and that they were able to use it in another application. Even though this result cannot be taken as conclusive, it is important in that if the strategy is not learned at the general level, it is unlikely that computer users will employ it in another situation. As these students were studying Engineering, the transfer of these strategies to Computer-Aided Design software is a strong possibility and would warrant further investigation.
Effect on Command Knowledge
The scores in the regular EUC tests showed that the experimental group consistently achieved slightly better marks than the control group. Therefore it can be maintained that the strategic instructional framework was not detrimental to the acquisition of command knowledge.
Robustness of the Instructional Framework
The students in both the sample groups came from very under-resourced technological backgrounds. Typically they had had no opportunity to work on a computer before as few had access to computers either in the home or at school. This had an effect on their learning environment as they had to battle with the unfamiliarity of both the keyboard and mouse. Also, the institution was under resourced with regard to computer laboratories so the students were not given time outside regular classes to practice what they had been taught. Despite these disadvantages, several of the students were able to acquire and exploit the strategic knowledge taught them by using Bhavnani's instructional framework. This certainly attests to its robustness when used at a distance from its original designers.
Conclusion
Access to ICT not only means possession of the necessary computers, software and connections, but also of the basic skills for using them effectively and efficiently. This latter aspect might prove to be ultimately the biggest barrier to participation of students from the developing world in the knowledge society. It is vital that students are not just given training in the basic computer application packages and Internet navigation but that they are taught to use their computer skills in innovative and effective ways to solve real-life problems. Bhavnani's method of teaching the strategic use of complex computer systems provides a promising alternative to traditional computer literacy instruction that typically focuses on command knowledge. It has the potential to ensure that novice users do progress to use computer applications in an efficient manner that exploits the powers of the computer particularly those of iteration, propagation, organization and visualization described in Table 1 above. The researcher maintains that this approach will have the dual effect of enabling students with low-entry level computer skills to employ general and efficient strategies for using applications effectively, as well as raising their computer selfefficacy to a level that will ensure their continued confidence in the face of technological change.
